The hydrolysis of two vinylsulfonyl reactive dyes, C.
INTRODUCTION
The hydrolysis of reactive dyes is a very important process, since the reactive dyes are exclusively applied from the aqueous phase for the technological reasons.
The kinetics and mechanism of hydrolysis of mono and dichlorotriazinyl reactive dyes have been intensively stu died to understand the reaction mechanism of reactive dyeing1-3. In spite of the early marketing of vinylsul fonyl (VS) dyes, the fundamental studies on the kinetics of hydrolysis have been rather rare. According to Stamm4, the reaction mechanism of VS dyes consists of (1)
Thus, the change in the concentration of the SES, VS, Hy and D types are given by
where [_] denotes the concentration (mol/dm3) of cor responding component, ko(dm3/mol min) is the second order rate constant of hydrolysis for the SES type, kl(dm3/mol min) is that of the hydrolysis for the VS type, k2(dm3/mol min) is that of the dimerization, and k-2(min-1) is the first-order rate constant of the reverse reaction of dimerization . Since the total concentration, C(mol/dm3) of the reaction system was kept constant, the condition (8) holds: Since the second peak of liquid chromatogram and the second RF-value were assigned to the Hy type, the first and the third ones were assigned to the SES and VS ones, respectively. Fig. 1 shows also that the commercial sample contained a small amount of the Hy and VS types . Fig. 2 shows the hydrolytic behaviors of the SES type for C. 1. Reactive Orange 7. The SES type was gradually converted into the VS one with time, but no hydrolysis of the VS type occurred as shown by no increase in the peak area of Hy type, a separation of the SES hydrolysis from the VS one.
Estimation of Rate Constants 4.2.1 Hydrolysis of the SES Type
Since the VS type was not hydrolyzed in the neutral region as shown in Fig. 2 , the rate constant of the con version of the SES type into the VS one can be calculated by eq. (4).
Since the pH of the reactant solution was kept constant by a buffer solution, the reaction became of pseudofirst order whose rate constant is ko' (min-1) and was inte grated as follows:
log
( [SES] /CO) = -ko't' (9) where t' = t -to, t(min) is the reaction time observed, and C0(mol/dm3) is [SES] at t' = 0.
By omitting the data at the initial stage of reaction where the variation of concentration is very large and well as the constancy of the total peak area of chromato gram were also confirmed within a limited reaction time, indicating no change in the molecular skeleton and the satisfaction of boundary condition (8) . But when the hyd rolytic reaction was allowed to continue for more than 10 h at pH ? 10.8, some measurable decrease in the absorption spectra and the total peak area of chromato gram were detected.
The SES type was immediately converted into the VS one by the addition of alkali as shown by the fact that no peak of the SES type was observed, and the VS type pro duced was gradually converted into the By one. Thus, if the pH higher than 11 is used, only the hydrolysis of the VS type can be analyzed. It was confirmed that after the SES type was hydrolyzed the pH of reactant solution was kept constant.
Since the concentration of VS was undetectable at infi 
nite reaction time though this Michael reaction may have a reversible character, the second-order rate constant for the reverse reaction of the hydrolysis of VS type was estimated to be zero (cf. Fig. 3 ). On the other hand, the dimerization of these dyes was not observed at all, i. e. The k1'-values for Orange 7 and Red 22 are listed in Table 4 . The values of k1' for two dyes were proportion al to the pH of the reactant solution. Then, the k1-values for Orange 7 and Red 22 can be calculated as shown in Table 4 . The value for Orange 7 was larger than that for However, no experiment showed the existence of dimer for both the dyes. Both the dyes seem to have smaller dissociation constant of the hydroxyl group than the other VS reactive dyes which form dimer. Since the high est dye concentration examined is in the order of 10 mM , they imply absence of any dimer for both the dyes in the dyebath. Contrary to the mechanism proposed so far , there are some VS dyes which form no dimer.
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